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An apparatus (100) may include a body (102)

extending from a first end (104) to a second end (106).
The first end of the body includes a first coupling element
(108), and the second end of the body includes a second
coupling element (114). The second end of the body in-
cludes a first engagement element (116) that extends
inwardly into the body and is disposed between a periph-
eral edge of the body and the second coupling element.
An assembly method is also disclosed.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C.
§ 119(e) to United States Provisional Application No.
63/269,269, filed on March 14, 2022, the entire contents
of which are incorporated herein by reference.

INCORPORATE BY REFERENCE

[0002] This application incorporates by reference the
entireties of U.S. Patent No. 8,715,362 and U.S. Provi-
sional Patent Application No. 63/169,306, filed April 1,
2021.

FIELD OF DISCLOSURE

[0003] The disclosed systems and methods relate to
implants. More particularly, the disclosed systems and
methods relate to the coupling and decoupling of two or
more components of a prosthesis or implant.

BACKGROUND

[0004] Medical prostheses are available to address
any number of abnormalities. For example, a prosthesis
may be provided to replace a joint, such as a shoulder,
elbow, knee, or ankle. Each prosthesis may include one
ormore components, such as a stem thatis to be inserted
into a passageway formed along an axis of a bone, and
atray thatis to be coupled to the stem. A tray may support
one or more additional components, such as an articular
surface formed from metal or polymer that may be cou-
pled to the tray. In order to speed recovery and reduce
complications, surgical techniques seek to minimize the
size or length of an incision or access site needed to
install a prosthesis. As a result, there continues to be a
need to minimize the size of the implant to be installed.

SUMMARY

[0005] In some embodiments, an apparatus may in-
clude a body extending from a first end to a second end.
The first end of the body may include a first coupling
element, and the second end of the body may include a
second coupling element. The second end of the body
may include a first engagement element that extends in-
wardly into the body and may be disposed between a
peripheral edge of the body and the second coupling el-
ement.

[0006] Insome embodiments, a system may include a
prosthesis stemincluding a plurality of stem components.
Atleastone stem component of the plurality of stem com-
ponents may include a body extending from a first end
to a second end. A first coupling element may be dis-
posed at the first end of the body, and a second coupling
element may be disposed at the second end of the body.
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At least one first engagement element may be disposed
along a length of the body such that the at least one first
engagement element may be disposed between the first
end and the second end. A second engagement element
may extend inwardly into the second end of the body.
The second engagement element may surround the sec-
ond coupling element such that the second engagement
element may be disposed between the second coupling
element and a peripheral edge of the body.

[0007] Insome embodiments, a system may include a
prosthesis stem. The prosthesis stem may include a plu-
rality of stem components. A first stem component of the
plurality of stem components may include a first body
extending from a firstend to a second end. Afirst coupling
element may be disposed at the first end of the first body.
A second coupling element may be disposed at the sec-
ond end of the first body. A first engagement element
may be accessible via the second end of the first body
and may be disposed between the second coupling ele-
ment and the first end of the first body. In some embod-
iments, a second engagement element may extend in-
wardly into the second end of the first body. The second
engagement element may surround the second coupling
element such that the second engagement element may
be disposed between the second coupling element and
a peripheral edge of the first body.

[0008] In some embodiments, a method may include
engaging a first engagement element provided by a body
of a first component and applying a torque to a body of
a first component with the torquing instrument to couple
the first component to a second component. The first
engagement element may be disposed at a first end of
the body of the first component and may extend inwardly
into the body of the first component.

[0009] In some embodiments, a method may include
inserting a male coupling element provided by a first com-
ponentinto a female coupling element provided by a sec-
ond component, engaging a first engagement element
with a torquing instrument, and applying a torque to the
body of the first component with the torquing instrument
to couple the first component to the second component.
The first engagement element may be disposed at a first
end of the body and may extend inwardly into a body of
the first component.

[0010] In some embodiments, a method may include
exposing at least a portion of a multi-component pros-
thesis stem that was previously implanted in a patient,
inserting a torquing tool into a first engagement element
of a plurality of engagement elements provided along a
length of a first stem component of the multi-component
prosthesis stem, and applying a first torque to a body of
the first stem component of the multi-component stem to
disengage a first coupling element of the first stem com-
ponent from a first coupling element of a second compo-
nent of the multi-component stem.

[0011] Further disclosed herein is an apparatus that
includes a body extending from a first end to a second
end, wherein the first end of the body includes a first
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coupling element, and the second end of the body in-
cludes a second coupling element, wherein the second
end of the body includes a first engagement element that
extends inwardly into the body and is disposed between
a peripheral edge of the body and the second coupling
element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Thefeaturesandadvantages ofthe presentdis-
closures will be more fully disclosed in, or rendered ob-
vious by the following detailed descriptions of example
embodiments. The detailed descriptions of the example
embodiments are to be considered together with the ac-
companying drawings wherein like numbers refer to like
parts and further wherein:

FIG. 1 is a top side isometric view of one example
of a stem component, in accordance with some em-
bodiments;

FIG. 2 is a bottom side isometric view of the stem
component illustrated in FIG. 1, in accordance with
some embodiments;

FIG. 3 is a bottom side isometric view of another
example of a stem component, in accordance with
some embodiments;

FIG. 4 is a bottom side isometric view of another
example of a stem component, in accordance with
some embodiments;

FIG. 5 is a detailed view of one example of an en-
gagement feature for a stem component, in accord-
ance with some embodiments;

FIG. 6 is one example of a sectional view of another
example of a stem component, in accordance with
some embodiments;

FIG. 7 is a front side isometric view of another ex-
ample of a stem component, in accordance with
some embodiments;

FIG. 8 is a side view of the stem component illustrat-
edinFIG. 7, inaccordance with some embodiments;
FIG. 9 is a top side view of the stem component il-
lustrated in FIG. 7, in accordance with some embod-
iments;

FIG. 10 is a bottom side view of the stem component
illustrated in FIG. 7, in accordance with some em-
bodiments;

FIG. 11 is a cross-sectional view of the stem com-
ponent illustrated in FIG. 7 taking along line 11-11
in FIG. 8, in accordance with some embodiments;
FIG. 12 is a front side isometric view of another ex-
ample of a stem component, in accordance with
some embodiments;

FIG. 13 is a side view of the stem component illus-
trated in FIG. 12, in accordance with some embod-
iments;

FIG. 14 is a top side view of the stem component
illustrated in FIG. 12, in accordance with some em-
bodiments;
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FIG. 15 is a bottom side view of the stem component
illustrated in FIG. 12, in accordance with some em-
bodiments;

FIG. 16 is a cross-sectional view of the stem com-
ponent illustrated in FIG. 12 taken along line 16-16
in FIG. 13, in accordance with some embodiments;
FIG. 17 is a front side isometric view of another ex-
ample of a stem component, in accordance with
some embodiments;

FIG. 18 is a side view of the stem component illus-
trated in FIG. 17, in accordance with some embod-
iments;

FIG. 19 is a top side view of the stem component
illustrated in FIG. 17, in accordance with some em-
bodiments;

FIG. 20 is a bottom side view of the stem component
illustrated in FIG. 17, in accordance with some em-
bodiments;

FIG. 21 is a cross-sectional view of the stem com-
ponent illustrated in FIG. 17 taken along line 21-21
in FIG. 18, in accordance with some embodiments;
FIG. 22 is a front side isometric view of another ex-
ample of a stem component, in accordance with
some embodiments;

FIG. 23 is a side view of the stem component illus-
trated in FIG. 22, in accordance with some embod-
iments;

FIG. 24 is a top side view of the stem component
illustrated in FIG. 22, in accordance with some em-
bodiments;

FIG. 25 is a bottom side view of the stem component
illustrated in FIG. 22, in accordance with some em-
bodiments;

FIG. 26 is a cross-sectional view of the stem com-
ponent illustrated in FIG. 22 taken along line 26-26
in FIG. 23, in accordance with some embodiments;
FIG. 27 is a front side isometric view of another ex-
ample of a stem component, in accordance with
some embodiments;

FIG. 28 is a side view of the stem component illus-
trated in FIG. 27, in accordance with some embod-
iments;

FIG. 29 is a top side view of the stem component
illustrated in FIG. 27, in accordance with some em-
bodiments;

FIG. 30 is a bottom side view of the stem component
illustrated in FIG. 27, in accordance with some em-
bodiments; and

FIG. 31 is a cross-sectional view of the stem com-
ponent illustrated in FIG. 27 taken along line 31-31
in FIG. 28, in accordance with some embodiments.

DETAILED DESCRIPTION

[0013] This description of the exemplary embodiments
is intended to be read in connection with the accompa-
nying drawings, which are to be considered part of the
entire written description. The description of the preferred
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embodiments is intended to be read in connection with
the accompanying drawings, which are to be considered
part of the entire written description of these disclosures.
While the present disclosure is susceptible to various
modifications and alternative forms, specific embodi-
ments are shown by way of example in the drawings and
will be described in detail herein. The objectives and ad-
vantages of the claimed subject matter will become more
apparent from the following detailed description of these
exemplary embodiments in connection with the accom-
panying drawings.

[0014] The disclosed components, systems, and
methods provide for coupling together two or more com-
ponents of a medical prosthesis and facilitate the cou-
pling together of the various components. The disclosed
components, systems, and methods also provide for de-
coupling two or more components of a medical prosthesis
to facilitate removal of the components. In some embod-
iments, the components may be coupled together in situ
through a minimally invasive opening, although it should
be understood that the components may be coupled to-
gether ex situ and implanted as a single construct. In
some embodiments, two or more components may be
assembled ex situ to form a first assembly, and at least
one third component may be assembled to the first as-
sembly in situ to form a second assembly. One or more
fourth components may be assembled to the second as-
sembly in situ. Although the following descriptions are
provided with reference to an ankle prosthesis, such as
the INBONE™ Total Ankle System available from the
Wright Medical Group and the ankle prostheses dis-
closed in U.S. Patent No. 8,715,362, entitled "Ankle Re-
placement System," which is incorporated by reference
herein in its entirety, it should be understood that the
disclosed systems and methods are not to be limited to
such prosthesis and may be used in connection with any
number of different prosthesis, including prostheses for
joints other than ankles. For example, the disclosed com-
ponents, systems, and methods may be applied to pros-
thesis for other joints including, but not limited, hips,
shoulders, elbows, and knees, to list only a few possibil-
ities.

[0015] FIGS. 1-2illustrate one example of a stem com-
ponent 100 in accordance with some embodiments. In
some embodiments, a system or kit may include a first
prosthesis component 100 that may be coupled to an-
other prosthesis component, such as another prosthesis
stem component 100 and/or a tray, to list only a couple
of possibilities. For example, the first prosthesis compo-
nent 100 may be a stem component, such as a middle
stem component, of a multi-component stem as dis-
closed in U.S. Patent No. 8,715,362, which was incorpo-
rated by reference above, or a monolithic stem. The stem
component 100 may include a body 102 having a gen-
erally cylindrical shape extending from a first end 104 to
a second end 106, it should be understood that stem
component 100 may have other shapes or configurations
(e.g., conical, pyramidal, cubic, and/or oval, to list only a
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few examples). Body 102 may be formed using an addi-
tive manufacturing process, such as Direct Metal Laser
Sintering (DMLS) or Electron Beam Melting (EBM), to list
only a few possibilities. Other conventional manufactur-
ing processes, such as machining, molding, extruding,
and combinations thereof, may also be used as will be
understood by one of ordinary skill in the art.

[0016] In some embodiments, the first end 104, which
may be a superior end, includes a male coupling element
108, which may take the form of a threaded protrusion.
The male coupling element 108 may be sized and con-
figured to engage a female coupling element (e.g., a
threaded hole) of another component of a multi-compo-
nent prosthesis stem. While male coupling element 108
is shown as a threaded protrusion, one of ordinary skill
in the art will understand that male coupling element 108
may be implemented in other ways, such as those dis-
closed in U.S. Provisional Patent Application No.
63/169,306, filed April 1, 2021 and which is incorporated
by reference in its entirety. Examples of such male cou-
pling elements include, but are not limited to, a tapered
protrusion or a protrusion including a detent, to identify
only a couple of possibilities. It should also be appreci-
ated that in some embodiments, such as when the stem
component 100 is to be implemented as a top or superior
component, the male coupling element may be omitted
and the first end 104 may simply be tapered or conical.
[0017] As best seen in FIGS. 1 and 2, body 102 may
include one or more anti-rotation features 110 that extend
outwardly along a length of the body 102. The anti-rota-
tion features 110 are sized and configured to resist rota-
tion of the stem. In some embodiments, the anti-rotation
features 110 may take the form of fins that extend out-
wardly from and along a length of (e.g., axially between
the first end 104 and second end 106) the body 102.
While eight anti-rotation features 110 are shown, it should
be understood that fewer or more anti-rotation features
may be provided. Further, while the anti-rotation features
110 are shown as being continuous fins that extend along
the length of the body 102, the anti-rotation features 110
can take other forms, such as a plurality of interrupted
fins and/or other type of projections that are arranged
linearly and/or offset from one another. Further, while the
anti-rotation features 110 are shown as being generally
trapezoidal in shape, the anti-rotation features 110 can
take other forms, such as teardrop, triangular, or other
shape as will be understood by one of ordinary skill in
the art.

[0018] Body 102 may further include one or more en-
gagement elements 112 each sized and configured to
be engaged by a tool. For example, the one or more
engagement elements 112 may take the form of a hole,
opening, or recess, which may have a geometry that is
configured to be engaged by a tool for applying torque
to the stem component 100. In the illustrated example,
the one or more engagement elements 112 are in the
form of diamond-shaped holes that extends through the
body 102. In some embodiments, the one or more en-
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gagement elements 112 are disposed between anti-ro-
tation features 110 such that adjacent anti-rotation fea-
tures 110 are separated by an engagement element of
the one or more engagement elements 112. The one or
more engagement elements 112 are sized to receive a
complementary-shaped torquing instrument that may be
used to couple together multiple stem components
and/or to apply additional torque during a removal proc-
ess. Providing multiple engagement elements 112
around the periphery of body 102 advantageously ena-
bles for engagement by a tool regardless of the clocking
of the thread or orientation during insertion. In some em-
bodiments, the one or engagement elements 112 may
be disposed at intervals such that an engagement ele-
ment is not disposed between each pair of adj acent anti-
rotation features, such as shown in the examples illus-
trated in 12, 13, 17, 18, 22, 23, 27, and 28.

[0019] As bestseeninFIG. 2, second end 106, which
may be an inferior end, may include a female coupling
element 114 for coupling the stem component 100 to
another prosthesis component, such as another stem
component and/or a tray, for example. In some embod-
iments, the female coupling element 114 may take the
form of an internally threaded hole that is sized and con-
figured to receive a male coupling element, such as a
threaded protrusion. However, as shown in FIGS. 6-16
and 27-31 and discussed below, the female coupling el-
ement 114 may have other forms, such as a tapered hole
130 (shown in FIG. 6) that is sized and configured to
engage a tapered male protrusion to form a Morse taper
or other friction fit connection, such as provided by a tray
or other stem component, as will be understood by one
of ordinary skill in the art.

[0020] In some embodiments, stem 100 includes an
engagement element 116 and an engagement element
126 that are located at or accessible via second end 106.
For example, the engagement element 116 may include
a depression or interface for engaging a torquing instru-
ment, which may be a different type of torquing instru-
ment from the torquing instrument for engaging the one
or more engagement elements 112. As shown in FIG. 2,
the engagement element 116 may be a gear-shaped de-
pression extending inwardly from second end 106 and
include a plurality of frustum-shaped depressions 118
radiating outwardly about (e.g., concentric with) the hole
of female coupling element 114. The frustum-shaped de-
pressions 118 are arranged such that their wider adjacent
to the hole of the female coupling element 114 and nar-
rower as they approach the perimeter of the body 102.
While ten frustum-shaped depressions 118 are illustrat-
ed in FIG. 2, it should be understood that fewer or more
frustum-shaped depressions 118 may be provided. Fur-
ther, while the frustum-shaped depressions 118 are
shown as extending into body 102 and having a planar
inner or bottom surface 120 and side walls 122 that ex-
tend perpendicularly from bottom surface 120, the en-
gagement element 116 may take other configurations or
shapes.
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[0021] Forexample, FIG. 3illustrates another example
of an engagement element 116 including a plurality of
frustum-shaped depressions 118A extending into sec-
ond end 106 with an angled bottom surface 120A and
side walls 122A. In some embodiments, bottom surface
120A tapers along a length of the frustum-shaped de-
pression such that a surface closer to the female coupling
element 114 is deeper (e.g., farther away from second
end 106) than a surface closer to the outer periphery of
body 102 (e.g., farther away from female coupling ele-
ment 114). Side walls 122A may be oriented at angles
other than right angles relative to the bottom surface
120A and/or a surface of second end 106.

[0022] The relative angles between the surfaces 120A,
122A, as well as the geometric shape and size, may be
varied in order to adjust a maximum amount of torque
that may be applied by a torquing instrument to compo-
nent 100. For example, the interface between the en-
gagement element 116 and a torquing instrument or tool
may be designed to transfera maximum amountoftorque
from the tool to the component 100 to avoid over-torquing
ofthe prosthesis (e.g., the multiple components of a multi-
component stem). In some embodiments, the interface
is designed to cause the torquing instrument to disen-
gage (e.g., cam) from engagement element 116 when a
torque is applied that exceeds the maximum torque. In
some embodiments, the interface is designed to prevent
over-torquing by having the torquing instrument deform
if too much torque is applied. One of ordinary skill in the
art will understand that the maximum amount of torque
for the interface may be predetermined based on a
number of parameters, including coefficient of friction be-
tween the two materials (e.g., the material and/or surface
finish of the torquing instrument and component 100
and/or surface hardness of the torquing instrument and
component 100) and the geometry of the interface.
[0023] As noted above, engagementelement 116 may
take other forms other than the plurality of radially ex-
tending frustum-shaped depressions 118, 118A, such as
those illustrated in FIGS. 2, 3, 6, 15, 16, 20, 21, 25, and
26. For example, engagement element 116 may be im-
plemented for receiving a star driver, a hex driver, a
square driver, or any other tool for applying torque as will
be understood by one of ordinary skill in the art. In the
example illustrated in FIG. 4, the engagement element
116 takes the form of a plurality of square pyramids 124
that extend inwardly into second end 106 and are ar-
ranged around female coupling element 114. Here again,
while five square pyramids 124 are shown, the engage-
ment element 116 may implemented as fewer or more
square pyramids 124 or be implemented in other shapes
and sizes. Further, while the engagement element 116
is shown as including a plurality of individual elements
equidistantly spaced around female coupling element
114, they may be unequally spaced and/or placed at dif-
ferent distances from female coupling element 114.
[0024] Incorporating the engagement element 116 into
the second side/end 106 advantageously increases the
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surface area along the body 102 between ends/sides
104, 106 that may be utilized for bone ingrowth. For ex-
ample, the body 102 may be formed from a porous ma-
terial and/or include areas of porous material that pro-
mote bone ingrowth. Examples of such materials include,
butare not limited to, ADAPTIS™ 3D printed, porous met-
al, available from Wright Medical Technology, Inc., Tri-
tanium® porous metal, available from Stryker, and/or po-
rous ceramics, to list only a few possibilities. Further, the
incorporation of engagement element 116 into the sec-
ond end/side 106 enables the overall length or height of
astem component to be reduced, which allows the overall
length of the stem prosthesis to be adjusted.

[0025] Referring again to FIG. 2, in some embodi-
ments, the engagement element 126 may be disposed
in communication with the female coupling element 114
and take the form of a hole that includes a plurality of
inwardly extending ridges 128. For example and as best
seeninFIGS. 5,6, 11, 16, 21, and 26, the ridges 128 are
oriented such that they are concentric with the hole and
are angled upward toward the first end 104. The angling
of the ridges 128 facilitates the insertion of a removal tool
and then resisting disengagement of the removal tool
from the stem component 100. For example, when a re-
moval tool is inserted into the third engagement element
126, the ridges 128 may be deformed by or bite into the
removal tool to facilitate coupling between the removal
tool and the stem component 100. In some embodiments,
a central axis defined by the hole of the female coupling
element 114 is collinear with a central axis defined by
the engagement element 126. In some embodiments a
central axis defined by the hole is aligned with a central
axis defined by the body 102.

[0026] Asnotedabove, FIG.6is across-sectional view
of one example of a stem component 100 in which female
coupling element 114 includes a tapered hole 130. FIGS.
11, 16, and 31 also illustrate examples of stem compo-
nents 200, 300, 600 having a female coupling element
114 in the form of a tapered hole 130. Hole 130 may be
designed to engage a protrusion to form a Morse taper
connection, such as a protrusion that extends from a su-
perior surface of a tray or from a superior surface of an-
other prosthesis component, as will be understood by
one of ordinary skill in the art. As shown in FIG. 6, the
engagement element 126 may be formed in communi-
cation with tapered hole 130 such that engagement ele-
ment 126 is disposed at least partially between a supe-
rior-most portion of female coupling element 114 and first
surface 104 and/or male coupling element 108. In such
embodiments, engagement element 126 is accessible
via female coupling element 114.

[0027] FIGS. 7-11 illustrate another example of a stem
component, in accordance with some embodiments.
Stem component 200 may include a body 102 having a
male coupling element 108 located at a first end 104 and
a female engagement element 114 located at a second
end 106. Body 102 may include a plurality of anti-rotation
features 110 extending along its length (e.g., between
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the first end 104 and second end 106). One or more en-
gagement elements 112 may be disposed along a length
of the body 102 with a respective engagement element
112 being disposed between adjacent anti-rotation fea-
tures 110.

[0028] As best seen in FIGS. 10 and 11, the female
engagement element 114 may take the form of a tapered
hole 130 that extends inwardly from end 106. An engage-
ment element 126 may be disposed in communication
with the tapered hole 130 such that engagement element
126 is accessible via tapered hole 130. In some embod-
iments, the engagement element 126 may include a plu-
rality of concentric ridges 128 as described above. The
stem component 200 may differ from the stem compo-
nentillustrated in FIGS. 1 and 2 in that it the engagement
element 116 is omitted. In such embodiments, the anti-
rotation elements 110 and/or engagement elements 112
may be used to apply to torque to the stem component
200.

[0029] FIGS. 12-16 illustrate another example of a
stem componentin accordance with some embodiments.
Stem component 300 may include a body 102 having a
male coupling element 108 located at a first end 104 and
a female engagement element 114 located at a second
end 106. Body 102 may include a plurality of anti-rotation
features 110 extending along its length (e.g., between
the first end 104 and second end 106). One or more en-
gagement elements 112 may be disposed along a length
of the body 102 with a respective engagement element
112 being disposed between adjacent anti-rotation fea-
tures 110. As best seen in FIGS. 12 and 13, the engage-
ment elements 112 may be arranged such that pairs of
adjacent anti-rotation features 110 may alternatively
have an engagement disposed therebetween, as op-
posed to each pair of adjacent anti-rotation features 110
having an engagement element 112 disposed therebe-
tween, as shown in FIG. 1, for example.

[0030] As best seen in FIGS. 15 and 16, the female
engagement element 114 may take the form of a tapered
hole 130 that extends inwardly from end 106. An engage-
ment element 126 may be disposed in communication
with the tapered hole 130 such that engagement element
126 is accessible via tapered hole 130. In some embod-
iments, the engagement element 126 may include a plu-
rality of concentric ridges 128 as described above.
[0031] Stem component 300 may include an engage-
ment element 116 extending inwardly from end 106. En-
gagementelement 116 may include a plurality of frustum-
shaped depressions 118 that are radially arranged
around the hole of the female engagement element 114,
as best seen in FIGS. 15 and 16.

[0032] FIGS. 17-21 illustrate another example of a
stem componentin accordance with some embodiments.
Stem component 400 may include a body 102 having a
male coupling element 108 located at a firstend 104 and
a female engagement element 114 located at a second
end 106. Body 102 may include a plurality of anti-rotation
features 110 extending along its length (e.g., between
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the first end 104 and second end 106). One or more en-
gagement elements 112 may be disposed along a length
of the body 102 with a respective engagement element
112 being disposed between adjacent anti-rotation fea-
tures 110. As best seen in FIGS. 17 and 18, the engage-
ment elements 112 may be arranged such that pairs of
adjacent anti-rotation features 110 may alternatively
have an engagement disposed therebetween, as op-
posed to each pair of adjacent anti-rotation features 110
having an engagement element 112 disposed therebe-
tween, as shown in FIG. 1, for example.

[0033] AsbestseeninFIG.21,thefemale engagement
element 114 may take the form of a threaded hole that
extends inwardly from end 106. An engagement element
126 may be disposed in communication with the threaded
hole of the female engagement element 114 such that
engagement element 126 is accessible via the threaded
hole of the female engagement element 114. In some
embodiments, the engagement element 126 may include
a plurality of concentric ridges 128 as described above.
[0034] Stem component 400 may include an engage-
ment element 116 extending inwardly from end 106. En-
gagementelement 116 may include a plurality of frustum-
shaped depressions 118 that are radially arranged
around the hole of the female engagement element 114,
as best seen in FIGS. 20 and 21.

[0035] FIGS. 22-26 illustrate another example of a
stem component, in accordance with some embodi-
ments. Stem component 500 may include a body 102
having a male coupling element 108 located at a first end
104 and a female engagement element 114 located at a
second end 106. Male coupling element 108 may take
the form of a threaded protrusion, as shown in FIGS. 22
and 23. Body 102 may include a plurality of anti-rotation
features 110 extending along its length (e.g., between
the first end 104 and second end 106). One or more en-
gagement elements 112 may be disposed along a length
of the body 102 with a respective engagement element
112 being disposed between adjacent anti-rotation fea-
tures 110. As best seen in FIGS. 22 and 23, the engage-
ment elements 112 may be arranged such that pairs of
adjacent anti-rotation features 110 may alternatively
have an engagement disposed therebetween, as op-
posed to each pair of adjacent anti-rotation features 110
having an engagement element 112 disposed therebe-
tween, as shown in FIG. 1, for example.

[0036] AsbestseeninFIG.26,thefemale engagement
element 114 may take the form of threaded hole that
extends inwardly from end 106. An engagement element
126 may be disposed in communication with the threaded
hole such that engagement element 126 is accessible
via threaded hole. In some embodiments, the engage-
ment element 126 may include a plurality of concentric
ridges 128 as described above.

[0037] Stem component 500 may include an engage-
ment element 116 extending inwardly from end 106. En-
gagementelement 116 may include a plurality of frustum-
shaped depressions 118A that are radially arranged
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around the hole of the female engagement element 114,
as best seen in FIGS. 25 and 26. As described above,
the frustum-shaped depressions 118A may extend into
surface 106 with angled bottom surfaces 120A and side
walls 122A.

[0038] FIGS. 27-31 illustrate another example of a
stem component, in accordance with some embodi-
ments. Stem component 600 may include a body 102
having a male coupling element 108 located at a firstend
104 and a female engagement element 114 located at a
second end 106. Male coupling element 108 may take
the form of a threaded protrusion, as shown in FIGS. 27
and 28. Body 102 may include a plurality of anti-rotation
features 110 extending along its length (e.g., between
the first end 104 and second end 106). One or more en-
gagement elements 112 may be disposed along a length
of the body 102 with a respective engagement element
112 being disposed between adjacent anti-rotation fea-
tures 110. As best seen in FIGS. 27 and 28, the engage-
ment elements 112 may be arranged such that pairs of
adjacent anti-rotation features 110 may alternatively
have an engagement disposed therebetween, as op-
posed to each pair of adjacent anti-rotation features 110
having an engagement element 112 disposed therebe-
tween, as shown in FIG. 1, for example. However, one
of ordinary skill in the art will understand that one or more
engagement elements 112 may be disposed between
each of the adjacent pairs of anti-rotation features 110.
[0039] AsbestseeninFIG.31,thefemale engagement
element 114 may take the form of tapered hole 130 that
extends inwardly from end 106. Here again, female en-
gagement element 114 may take other forms, including
athreaded hole, as will be understood by one of ordinary
skill in the art. In some embodiments, stem component
600 may omit an engagement element 126, as shown in
FIG. 31. However, stem component 600 may be config-
ured with an engagement element 126 that is accessible
via tapered hole 130. In some embodiments, the engage-
ment element 126 may include a plurality of concentric
ridges 128 as described above.

[0040] Stem component 600 may not include an en-
gagementelement 116 extending inwardly from end 106,
but instead include an engagement element 132 that ex-
tends inwardly into the body adjacentto end 106. In some
embodiments, engagement element 132 may include
one or more flats 134 or other surfaces that are config-
ured to be engaged by a tool, such as a wrench, for ex-
ample, as best seen in FIGS. 27 and 28. The inward
extension of engagement element 132 may form a flange
that radially extends about the end 106, as best seen in
FIGS. 27 and 28.

[0041] The stem components described herein may be
coupled togetherin situ or ex situ when implanting a pros-
thesis stem. In some embodiments, for example, a pros-
thesis stem is implanted by first aligning an ankle joint
and creating an intramedullary canal in a tibia, as de-
scribed in U.S. Patent No. 8,715,362. As noted above,
although the processis described with respect toimplant-
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ing a tibial stem, it should be understood that the stem
may be implanted in other bones including, but not limited
to, the femur, humerus, radius, fibula, and/or ulna, to list
only a few possible examples.

[0042] A first stem component, which may be a top or
superior stem component, may then be inserted into the
intramedullary space. The top or superior stem compo-
nentmay include one or more engagement elements 112
disposed along its length. The one or more engagement
elements 112 may be engaged by a first torquing instru-
ment, which may have a complementary shape to the
one or more engagement elements 112 such that the
torquing instrument may be received within the one or
more engagement elements 112.

[0043] A second stem component, which may be an
intermediate and/or an inferior stem component, may be
coupled to the first stem component by inserting the male
coupling element 108 of the second stem component with
the female coupling element 114 of the first stem com-
ponent. In some embodiments, the coupling of the sec-
ond stem component to the first stem component may
include applying a torque to and rotating the second stem
component relative to the first stem component. For ex-
ample, the first torquing instrument may be inserted into
one of the engagement elements 112 disposed along a
length (or height) of the first stem component, and a sec-
ond torquing instrument may be engaged with the en-
gagement element 116 provided by the second end 106
of the second stem component. The second torquing in-
strument may be used to provide a torque to the second
stem component while the first torquing instrument is
used to hold the first stem component stationary. As de-
scribed above, the interface between the second torquing
instrument and the engagement element 116 of the sec-
ond stem component may have a predetermined maxi-
mum torque value such that when a torque is applied that
exceeds the predetermined maximum torque value the
second torquing instrument will disengage from the en-
gagement element 116. For example, the second torqu-
ing instrument may cam out of engagement with the en-
gagement element 116 and/or the second torquing in-
strument may deform.

[0044] If the engagement element 116 is not accessi-
ble and/or a surgeon desired to provide additional torque
to the second component, then another first torquing in-
strument may be used to engage one or more engage-
mentelements 112 provided along a length of the second
stem component. For example, the another first torquing
instrument may be inserted into a first one of a plurality
of engagement elements 112 to apply a first torque to
the second stem component while the first torquing in-
strument is used to hold the first stem component sta-
tionary. The another first torquing instrument may be re-
moved from its engagement with the first one of the plu-
rality of engagement elements 112, and then placed in
another one of the plurality of engagement elements 112
to provide a second torque to the second stem compo-
nent. The process may be repeated until the desired

10

15

20

25

30

35

40

45

50

55

amount of torque has been applied, as will be understood
by one of ordinary skill in the art.

[0045] In some embodiments, one or more additional
stem components may be coupled to the first and second
components by repeating the steps described above. In
some embodiments, the inferior stem component may
include a female coupling element 116 in the form of a
tapered hole 130 as shown in FIGS. 6, 11, 16, and 31.
[0046] A tray or other component of a prosthesis may
be coupled to the stem. For example, a tray, which may
include a protrusion extending from its superior surface,
may be coupled to the inferior stem component by insert-
ing the protrusion into the female coupling element 114,
e.g., tapered hole 130. As described in U.S. Patent No.
8,715,362, the tray may be configured to receive and/or
otherwise support an articular surface, as will be under-
stood by one of ordinary skill in the art.

[0047] The engagement elements 112 of the stem
components described herein may also be used to re-
move a previously implanted stem. In some embodi-
ments, removing a stem includes exposing at least a por-
tion of a multi-component prosthesis stem that was pre-
viously implanted in a patient. For example, the exposure
may be performed in accordance with the INBONE™ To-
tal Ankle System Implant Removal Surgical Technique,
available from Wright Medical Technology, Inc. As noted
above, although the process is described with respect to
removing a previously implanted tibial stem, it should be
understood that the stem may have been implanted into
bones other than a tibial including, but not limited to, the
femur, humerus, radius, fibula, and/or ulna, to list only a
few possible examples.

[0048] In some embodiments, after the tibial tray has
been decoupled from the stem, a hole saw may be used
to remove bone from around a circumference of the pre-
viously implanted stem.

[0049] With the stem exposed, a first torquing instru-
ment may be placed into a first engagement element 112
of a plurality of engagement elements 112 provided along
alength (or height) of a first stem component of a plurality
of stem components of the multi-component stem. A first
torque may be applied to the body 102 of the first stem
component. In some embodiments, after the first torque
is applied, the torquing instrument may be removed from
the first engagement element 112 of the plurality of en-
gagement elements 112. The torquing instrument may
be inserted into a second engagement element 112 of a
plurality of engagement elements 112, and then a second
torque may be applied to the stem component. This proc-
ess may be repeated until the stem component is re-
moved from its engagementwith the rest of the previously
implanted stem prosthesis.

[0050] In some embodiments, additional leverage
and/or manipulation of the stem component may be pro-
vided by inserting a removal tool through the female cou-
pling element 114, which may include a hole, and into
engagement with the engagement element 126 of the
stem component. As described above, the engagement
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element 126 may include a plurality of concentric ridges
128 that are adapted to engage the removal tool. For
example, one or more of the ridges 128 may bite into the
removal tool as the removal tool is pulled distally and
away from the remaining prosthesis stem. The process
may be repeated until each of the stem components of
the previously implanted multi-component stem is re-
moved from the patient.

[0051] In some embodiments, an apparatus may in-
clude a body extending from a first end to a second end.
The first end of the body may include a first coupling
element, and the second end of the body may include a
second coupling element. The second end of the body
may include a first engagement element that extends in-
wardly into the body and may be disposed between a
peripheral edge of the body and the second coupling el-
ement.

[0052] In some embodiments, the first coupling ele-
ment may be a male coupling element, and the second
coupling element may be a female coupling element. In
some embodiments, the first coupling element may be a
first male coupling element, and the second coupling el-
ement may be a second male coupling element. In some
embodiments, the first coupling element may be a first
female coupling element, and the second coupling ele-
ment may be a second female coupling element. In some
embodiments, the first coupling element may be a female
coupling element, and the second coupling element may
be a male coupling element.

[0053] In some embodiments, the body may define at
least one second engagement element. The at least one
second engagement element may be disposed along a
length of the body such that the at least one second en-
gagement element extends inwardly into the body be-
tween the first end and the second end.

[0054] In some embodiments, the at least one second
engagement element may include a plurality of second
engagement elements. Each second engagement ele-
ment of the plurality of second engagement elements
may be disposed at a respective location around the
body.

[0055] In some embodiments, the body may be cylin-
drically shaped. The plurality of second engagement el-
ements may be equidistantly located about a circumfer-
ence of the body.

[0056] Insome embodiments, the first engagement el-
ement may include a plurality of individual elements that
may surround the second coupling element.

[0057] In some embodiments, each individual element
of the plurality of individual elements may have a pyram-
idal shape.

[0058] In some embodiments, each individual element
of the plurality of individual elements may have a shape
of a frustum.

[0059] In some embodiments, the body may include a
second engagement element. The second engagement
element may be disposed in communication with the sec-
ond coupling element and may include at least one ridge.
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[0060] In some embodiments, the at least one ridge
may include a plurality of ridges concentrically arranged
about a longitudinal axis defined by the second coupling
element.

[0061] Insome embodiments, the first engagement el-
ement may be configured to be engaged by a tool for
applying a torque. An interface between the first engage-
ment element and the tool for applying the torque may
be configured to transfer torque from the tool to the body
up to a predetermined maximum value.

[0062] In some embodiments, the second coupling el-
ement may include a threaded hole.

[0063] In some embodiments, the second coupling el-
ement may include a tapered hole.

[0064] Insome embodiments, a system may include a
prosthesis stemincluding a plurality of stem components.
Atleast one stem component of the plurality of stem com-
ponents may include a body extending from a first end
to a second end. A first coupling element may be dis-
posed at the first end of the body, and a second coupling
element may be disposed at the second end of the body.
At least one first engagement element may be disposed
along a length of the body such that the at least one first
engagement element may be disposed between the first
end and the second end. A second engagement element
may extend inwardly into the second end of the body.
The second engagement element may surround the sec-
ond coupling element such that the second engagement
element may be disposed between the second coupling
element and a peripheral edge of the body.

[0065] In some embodiments, the first coupling ele-
ment may be a male coupling element extending from
the firstend of the body, and the second coupling element
may be a female coupling element extending inwardly
from the second end of the body. In some embodiments,
the first coupling element may be a first male coupling
element extending from the first end of the body, and the
second coupling element may be a second male coupling
element extending from the second end of the body. In
some embodiments, the first coupling element may be a
first female coupling element extending inwardly from the
first end of the body, and the second coupling element
may be a second female coupling element extending in-
wardly from the second end of the body. In some em-
bodiments, the first coupling element may be a female
coupling element extending inwardly from the first end
of the body, and the second coupling element may be a
male coupling element extending from the second end
of the body.

[0066] In some embodiments, the male coupling ele-
ment may include a threaded protrusion, and the coupling
element may include a threaded hole.

[0067] In some embodiments, the male coupling ele-
ment may include a tapered protrusion, and the female
coupling element may include a tapered hole.

[0068] In some embodiments, the at least one first en-
gagementelement may include a plurality of first engage-
ment elements.
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[0069] In some embodiments, the body may have a
cylindrical shape. Each of the first engagement elements
of the plurality of first engagement elements may be dis-
posed at different location about a circumference of the
body.

[0070] In some embodiments, each first engagement
element of the plurality of first engagement elements may
include a hole. The plurality of firstengagement elements
may be equidistantly spaced about the circumference of
the body.

[0071] Insomeembodiments,the second engagement
element may be configured to be engaged by a tool for
applying a torque. An interface between the second en-
gagement element and the tool for applying the torque
may be configured to transfer torque from the tool to the
body up to a predetermined maximum value.

[0072] In some embodiments, the body may include a
third engagement element disposed in communication
with the second coupling element. The third engagement
element may include a plurality of ridges concentrically
arranged about a longitudinal axis defined by the body.
[0073] In some embodiments, the second coupling el-
ement may include a tapered hole. A longitudinal axis
defined by the tapered hole may be coaxial and/or col-
linear with the longitudinal axis defined by the body.
[0074] Insomeembodiments, atray may be configured
to be coupled to the prosthesis stem, and an articular
surface may be configured to be coupled to the tray.
[0075] In some embodiments, the at least stem com-
ponent may be formed using an additive manufacturing
process.

[0076] Insome embodiments, a system may include a
prosthesis stem. The prosthesis stem may include a plu-
rality of stem components. A first stem component of the
plurality of stem components may include a first body
extending from afirstend to a second end. A first coupling
element may be disposed at the first end of the first body.
A second coupling element may be disposed at the sec-
ond end of the first body. A first engagement element
may be accessible via the second end of the first body
and may be disposed between the first coupling element
and the first end of the first body. In some embodiments,
a second engagement element may extend inwardly into
the second end of the firstbody. The second engagement
element may surround the second coupling element such
that the second engagement element may be disposed
between the second coupling element and a peripheral
edge of the first body.

[0077] In some embodiments, the first coupling ele-
ment may be a male coupling element extending from
the firstend of the body, and the second coupling element
may be a female coupling element extending inwardly
from the second end of the body. In some embodiments,
the first coupling element may be a first male coupling
element extending from the first end of the body, and the
second coupling elementmay be a second male coupling
element extending from the second end of the body. In
some embodiments, the first coupling element may be a
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first female coupling element extending inwardly from the
first end of the body, and the second coupling element
may be a second female coupling element extending in-
wardly from the second end of the body. In some em-
bodiments, the first coupling element may be a female
coupling element extending inwardly from the first end
of the body, and the second coupling element may be a
male coupling element extending from the second end
of the body.

[0078] In some embodiments, the second coupling el-
ement may include a tapered hole. The first engagement
element may include at least one ridge that is concentri-
cally arrange with the tapered hole.

[0079] In some embodiments, the first coupling ele-
ment may include a tapered protrusion.

[0080] In some embodiments, the first coupling ele-
ment may include a threaded protrusion.

[0081] In some embodiments, a second stem compo-
nent of the plurality of stem components may include a
second body. A third coupling element may be disposed
at a first end of the second body. A fourth coupling ele-
ment may be disposed at the second end of the second
body. A third engagement element may extend inwardly
into the second end of the second body. The third en-
gagement element may surround the fourth coupling el-
ement such that the third engagement element may be
disposed between the fourth coupling element and a pe-
ripheral edge of the second body.

[0082] In some embodiments, the third coupling ele-
ment may be a male coupling element extending from
the first end of the second body, and the fourth coupling
element may be a female coupling element extending
inwardly from the second end of the second body. In
some embodiments, the third coupling element may be
a first male coupling element extending from the first end
of the second body, and the fourth coupling element may
be a second male coupling element extending from the
second end of the second body. In some embodiments,
the third coupling element may be a first female coupling
element extending inwardly from the first end of the sec-
ond body, and the fourth coupling element may be a sec-
ond female coupling element extending inwardly from
the second end of the second body. In some embodi-
ments, the third coupling element may be a female cou-
pling element extending inwardly from the first end of the
second body, and the fourth coupling element may be a
male coupling element extending from the second end
of the second body.

[0083] In some embodiments, the first coupling ele-
ment may include a threaded protrusion, the second cou-
pling element may include a tapered hole, and fourth cou-
pling element may include a threaded hole that is sized
and configured to receive the first coupling element.
[0084] Insome embodiments, a tray may include a ta-
pered protrusion extending from an upper surface. The
tapered protrusion may be sized and configured to be
received in the second coupling element of the first body.
[0085] In some embodiments, a method may include
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engaging a first engagement element provided by a body
of a first component and applying a torque to a body of
a first component with the torquing instrument to couple
the first component to a second component. The first
engagement element may be disposed at a first end of
the body of the first component and may extend inwardly
into the body of the first component.

[0086] In some embodiments, a method may include
inserting a male coupling element provided by a first com-
ponentinto a female coupling element provided by a sec-
ond component, engaging a first engagement element
with a torquing instrument, and applying a torque to a
body of the first component with the torquing instrument
to couple the first component to the second component.
The first engagement element may be disposed at a first
end of the body and may extend inwardly into the body
of the first component.

[0087] Insomeembodiments, aninterface may be pro-
vided by the first engagement element and the torquing
instrument has a predetermined maximum torque value.
[0088] In some embodiments, the male coupling ele-
ment may be provided by the first component and may
include a threaded protrusion. The female coupling ele-
ment may be provided by the second component and
may include a threaded hole.

[0089] Insome embodiments, the first component may
be a first stem component of a multi-component prosthe-
sis stem, the second component may be a second stem
component of the multi-component prosthesis stem, and
the first component may be coupled to the second com-
ponent in situ.

[0090] In some embodiments, a method may include
exposing at least a portion of a multi-component pros-
thesis stem that was previously implanted in a patient,
inserting a torquing tool into a first engagement element
of a plurality of engagement elements provided along a
length of a first stem component of the multi-component
prosthesis stem, and applying a first torque to a body of
the first stem component of the multi-component stem to
disengage a first coupling element of the first stem com-
ponent from a first coupling element of a second compo-
nent of the multi-component stem.

[0091] In some embodiments, after applying the first
torque, the torquing tool may be removed from the first
engagement element. The torquing tool may be inserted
into a second engagement element of the plurality of en-
gagementelements, and a second torque may be applied
to the body of the first stem component of the multi-com-
ponent stem.

[0092] Insomeembodiments, atray maybe decoupled
from a second coupling element defined by the first stem
component. A removal tool may be inserted through the
second coupling element defined by the first stem com-
ponent and into engagement with a third engagement
element that is located within the first stem component.
The first stem component may be removed from the pa-
tient.

[0093] Although the components, systems, kits, and
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methods have been described in terms of exemplary em-
bodiments, they are not limited thereto. Rather, the ap-
pended claims should be construed broadly, to include
other variants and embodiments of the components, sys-
tems, kits, and methods, which may be made by those
skilled in the art without departing from the scope and
range of equivalents.

[0094] Further disclosed herein is the subject-matter
of the following clauses:

1. An apparatus, comprising:

a body extending from a first end to a second end,
the first end including a first coupling element, the
second end including a second coupling element,
the second end of the body including a first engage-
ment element that extends inwardly into the body
and is disposed between a peripheral edge of the
body and the second coupling element.

2. The apparatus of clause 1, wherein the body de-
fines at least one second engagement, the at least
one second engagement element disposed along a
length of the body such that the at least one second
engagement element extends inwardly into the body
between the first end and the second end.

3. The apparatus of clause 2, wherein the at least
one second engagement elementincludes aplurality
of second engagement elements, each second en-
gagementelement of the plurality of second engage-
ment elements being disposed at a respective loca-
tion around the body.

4. The apparatus of clause 3, wherein the body is
cylindrically shaped, and wherein the plurality of sec-
ond engagement elements are equidistantly located
about a circumference of the body.

5. The apparatus of clause 1, wherein the first en-
gagement element includes a plurality of individual
elements that surround the second coupling ele-
ment.

6. The apparatus of clause 5 or of any of the preced-
ing clauses, wherein each of the plurality ofindividual
elements has a pyramidal shape.

7. The apparatus of clause 5 or of any of clauses
1-5, wherein each of the plurality of individual ele-
ments has a frustum shape.

8. The apparatus of clause 1, wherein the body in-
cludes a second engagement element, the second
engagement element disposed in communication
with the second coupling element and includes at
least one ridge.

9. The apparatus of clause 8, wherein the at least
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one ridge includes a plurality of ridges concentrically
arranged about a longitudinal axis defined by the
second coupling element.

10. The apparatus of clause 1 or of any of the pre-
ceding clauses, wherein the first engagement ele-
ment is configured to be engaged by a tool for ap-
plying a torque, and wherein an interface between
the first engagement element and the tool for apply-
ing the torque is configured to transfer torque from
the tool to the body up to a predetermined maximum
value.

11. The apparatus of clause 1 or of any of the pre-
ceding clauses, wherein the second coupling ele-
ment includes a threaded hole.

12. The apparatus of clause 1 or of any of clauses
1-10, wherein the second coupling element includes
a tapered hole.

13. A system, comprising:

a prosthesis stem including a plurality of stem com-
ponents, atleastone stem component of the plurality
of stem components including:

a body extending from a first end to a second
end,

a first coupling element disposed at a first end
of the body,

asecond coupling element disposed ata second
end of the body,

at least one first engagement element disposed
along a length of the body such that the at least
one first engagement element is disposed be-
tween the first end and the second end, and

a second engagement element extending in-
wardly into the second end of the body, the sec-
ond engagement element surrounding the sec-
ond coupling element such that the second en-
gagementelementis disposed between the sec-
ond coupling element and a peripheral edge of
the body.

14. The system of clause 13, wherein the first cou-
pling element includes a threaded protrusion, and
wherein the second coupling element includes a
threaded hole.

15. The system of clause 13, wherein the first cou-
pling element includes a tapered protrusion, and
wherein the second coupling element includes a ta-
pered hole.

16. The system of clause 13 or of any of clauses
13-15, wherein the at least one first engagement el-
ement includes a plurality of first engagement ele-
ments.
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17. The system of clause 16, wherein the body has
a cylindrical shape, and wherein each of the first en-
gagement elements of the plurality of first engage-
ment elements is disposed at different location about
a circumference of the body.

18. The system of clause 17, wherein each first en-
gagement element of the plurality of first engage-
ment elements includes a hole, and wherein the plu-
rality of first engagement elements are equidistantly
spaced about the circumference of the body.

19. The system of clause 13 or of any of clauses
13-18, wherein the second engagement element is
configured to be engaged by a tool for applying a
torque, and wherein an interface between the sec-
ond engagement element and the tool for applying
the torque is configured to transfer torque from the
tool to the body up to a predetermined maximum
value.

20. The system of clause 19, wherein the body in-
cludes a third engagement element disposed in com-
munication with the second coupling element, the
third engagement element including a plurality of
ridges concentrically arranged about a longitudinal
axis defined by the body.

21. The system of clause 20, wherein the second
coupling element includes a tapered hole, and
wherein a longitudinal axis defined by the tapered
hole is coaxial with the longitudinal axis defined by
the body.

22. The system of clause 13 or of any of clauses
13-21, further comprising:

a tray configured to be coupled to the prosthesis
stem; and

an articular surface configured to be coupled to
the tray.

23. The system of clause 13 or of any of clauses
13-22, wherein the at least stem component is
formed using an additive manufacturing process.

24. A system, comprising:

a prosthesis stem including a plurality of stem com-
ponents, a first stem component of the plurality of
stem components including:

afirstbody extending from afirstend to a second
end,

a first coupling element disposed at the first end
of the first body,

a second coupling element disposed at the sec-
ond end of the first body,

a first engagement element accessible via the
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second end of the first body and disposed be-
tween the second coupling element and the first
end of the first body, and

a second engagement element extending in-
wardly into the second end of the first body, the
second engagement element surrounding the
second coupling element such that the second
engagement element is disposed between the
second coupling element and a peripheral edge
of the first body.

25. The system of clause 24, wherein the second
coupling element includes a tapered hole, and
wherein the first engagement element includes at
least one ridge that is concentrically arrange with the
tapered hole.

26. The system of clause 25, wherein the first cou-
pling element includes a tapered protrusion.

27. The system of clause 25, wherein the first cou-
pling element includes a threaded protrusion.

28. The system of clause 27, wherein a second stem
component of the plurality of stem components in-
cludes:

a second body,

a third coupling element disposed at a first end
of the second body,

a fourth coupling element disposed at the sec-
ond end of the second body,

a third engagement element extending inwardly
into the second end of the second body, the third
engagement element surrounding the fourth
coupling element such that the third engage-
ment element is disposed between the fourth
coupling element and a peripheral edge of the
second body.

29. The system of clause 28, wherein the first cou-
pling element includes a threaded protrusion, and
the second coupling element includes a tapered
hole, and the fourth coupling element includes a
threaded hole that is sized and configured to receive
the first coupling element.

30. The system of clause 29, further comprising a
tray, the tray including a tapered protrusion extend-
ing from an upper surface, the tapered protrusion
sized and configured to be received in the second
coupling element of the first body.

31. A method, comprising:
inserting a male coupling element provided by

afirst componentinto a female coupling element
provided by a second component;
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engaging a first engagement element with a
torquing instrument, the first engagement ele-
ment disposed at a first end of the body and
extending inwardly into a body of the first com-
ponent; and

applying a torque to the body of the first compo-
nent with the torquing instrument to couple the
first component to the second component.

32. The method of clause 31, wherein an interface
provided by the first engagement element and the
torquing instrument has a predetermined maximum
torque value.

33. The method of clause 31, wherein the male cou-
pling element provided by the first component in-
cludes a threaded protrusion, and wherein the fe-
male coupling element provided by the second com-
ponent includes a threaded hole.

34. The method of clause 31, wherein the first com-
ponent is a first stem component of a multi-compo-
nent prosthesis stem, the second component is a
second stem component of the multi-component
prosthesis stem, and the first component is coupled
to the second component in situ.

35. A method, comprising:

exposing atleast a portion of a multi-component
prosthesis stem that was previously implanted
in a patient;

inserting a torquing tool into a first engagement
element of a plurality of engagement elements
provided along a length of a first stem compo-
nent of the multi-component prosthesis stem;
and

applying a first torque to a body of the first stem
component of the multi-component stem to dis-
engage a first coupling element of the first stem
component from a first coupling element of a
second component of the multi-component
stem.

36. The method of clause 35, further comprising:

after applying the first torque, removing the
torquing tool from the first engagement element;
inserting the torquing tool into a second engage-
ment element of the plurality of engagement el-
ements; and

applying a second torque to the body of the first
stem component of the multi-component stem.

37. The method of clause 35, further comprising:

decoupling a tray from a second coupling ele-
ment defined by the first stem component; and
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inserting a removal tool through the second cou-
pling element defined by the first stem compo-
nent and into engagement with a third engage-
ment element that is located within the first stem
component, and

removing the first stem component from the pa-
tient.

Claims

An apparatus, comprising:

a body extending from a first end to a second end,
the first end including a first coupling element, the
second end including a second coupling element,
the second end of the body including a first engage-
ment element that extends inwardly into the body
and is disposed between a peripheral edge of the
body and the second coupling element.

The apparatus of claim 1, wherein the body defines
at least one second engagement, the at least one
second engagement element disposed along a
length of the body such that the at least one second
engagement element extends inwardly into the body
between the first end and the second end, wherein
typically the at least one second engagement ele-
ment includes a plurality of second engagement el-
ements, each second engagement element of the
plurality of second engagement elements being dis-
posed at a respective location around the body,
wherein the body is cylindrically shaped, and where-
in the plurality of second engagement elements are
equidistantly located about a circumference of the
body.

The apparatus of any of the preceding claims, where-
in the first engagement element includes a plurality
of individual elements that surround the second cou-
pling element.

The apparatus of claim 3, wherein each of the plu-
rality of individual elements has a pyramidal shape,
orwherein each of the plurality of individual elements
has a frustum shape.

The apparatus of claim 1, wherein the body includes
a second engagement element, the second engage-
ment element disposed in communication with the
second coupling element and includes at least one
ridge, wherein typically the at least one ridge in-
cludes a plurality of ridges concentrically arranged
about a longitudinal axis defined by the second cou-
pling element.

The apparatus of any of the preceding claims, where-
in the first engagement element is configured to be
engaged by a tool for applying a torque, and wherein
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an interface between the first engagement element
and the tool for applying the torque is configured to
transfer torque from the tool to the body up to a pre-
determined maximum value, and/or wherein the sec-
ond coupling element includes a threaded hole or a
tapered hole.

A system, comprising:

a prosthesis stem including a plurality of stem com-
ponents, atleast one stem component of the plurality
of stem components including:

a body extending from a first end to a second
end,

a first coupling element disposed at a first end
of the body,

asecond coupling element disposed ata second
end of the body,

at least one first engagement element disposed
along a length of the body such that the at least
one first engagement element is disposed be-
tween the first end and the second end, and

a second engagement element extending in-
wardly into the second end of the body, the sec-
ond engagement element surrounding the sec-
ond coupling element such that the second en-
gagementelementis disposed between the sec-
ond coupling element and a peripheral edge of
the body.

The system of claim 7, wherein the first coupling el-
ement includes a threaded protrusion, and wherein
the second coupling element includes a threaded
hole or a tapered hole, and/or wherein the at least
one first engagement element includes a plurality of
first engagement elements, wherein the body has a
cylindrical shape, and wherein each of the first en-
gagement elements of the plurality of first engage-
ment elements is disposed at different location about
a circumference of the body, and wherein each first
engagement element of the plurality of first engage-
ment elements includes a hole, and wherein the plu-
rality of first engagement elements are equidistantly
spaced about the circumference of the body.

The system of claim 7, wherein the second engage-
ment element is configured to be engaged by a tool
for applying a torque, and wherein an interface be-
tween the second engagement element and the tool
for applying the torque is configured to transfer
torque from the tool to the body up to a predeter-
mined maximum value, wherein typically the body
includes a third engagement element disposed in
communication with the second coupling element,
the third engagement element including a plurality
of ridges concentrically arranged about a longitudi-
nal axis defined by the body, and wherein the second
coupling element includes a tapered hole, and
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wherein a longitudinal axis defined by the tapered
hole is coaxial with the longitudinal axis defined by
the body.

The system of claim 7, further comprising:

a tray configured to be coupled to the prosthesis
stem; and

an articular surface configured to be coupled to
the tray; and/or wherein the at least stem com-
ponent is formed using an additive manufactur-
ing process.

A system, comprising:

a prosthesis stem including a plurality of stem com-
ponents, a first stem component of the plurality of
stem components including:

afirstbody extending from afirstend toa second
end,

a first coupling element disposed at the first end
of the first body,

a second coupling element disposed at the sec-
ond end of the first body,

a first engagement element accessible via the
second end of the first body and disposed be-
tween the second coupling element and the first
end of the first body, and

a second engagement element extending in-
wardly into the second end of the first body, the
second engagement element surrounding the
second coupling element such that the second
engagement element is disposed between the
second coupling element and a peripheral edge
of the first body.

The system of claim 11, wherein the second coupling
element includes a tapered hole, and wherein the
firstengagement elementincludes at least one ridge
that is concentrically arrange with the tapered hole.

The system of claim 12, wherein the first coupling
element includes a tapered protrusion, or wherein
the first coupling element includes a threaded pro-
trusion, wherein typically a second stem component
of the plurality of stem components includes:

a second body,

a third coupling element disposed at a first end
of the second body,

a fourth coupling element disposed at the sec-
ond end of the second body,

a third engagement element extending inwardly
into the second end of the second body, the third
engagement element surrounding the fourth
coupling element such that the third engage-
ment element is disposed between the fourth
coupling element and a peripheral edge of the
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second body, wherein the first coupling element
includes a threaded protrusion, and the second
coupling element includes a tapered hole, and
the fourth coupling element includes a threaded
hole that is sized and configured to receive the
first coupling element, and the system further
comprising a tray, the tray including a tapered
protrusion extending from an upper surface, the
tapered protrusion sized and configured to be
received in the second coupling element of the
first body.

. A method, comprising:

inserting a male coupling element provided by
afirstcomponentinto a female coupling element
provided by a second component;

engaging a first engagement element with a
torquing instrument, the first engagement ele-
ment disposed at a first end of the body and
extending inwardly into a body of the first com-
ponent; and

applying a torque to the body of the first compo-
nent with the torquing instrument to couple the
first component to the second component.

. The method of claim 14, wherein an interface pro-
vided by the first engagement element and the torqu-
ing instrument has a predetermined maximum
torque value, and/or wherein the male coupling ele-
ment provided by the first component includes a
threaded protrusion, and wherein the female cou-
pling element provided by the second component
includes a threaded hole, and/or wherein the first
component is a first stem component of a multi-com-
ponent prosthesis stem, the second componentis a
second stem component of the multi-component
prosthesis stem, and the first component is coupled
to the second component in situ.
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